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SLFC Mission Statement

Develop and validate technologies for
Supersonic Laminar Flow Control (SLFC)
and perform the SLFC aerodynamic design
for the HSCT with an assessment of the
net benefit and risks.

SLFC Benefits
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HLFC Application to HSCT

Aerodynamic Benefit:

Implementation Penalties:

20% NLF on

/ ernoennage _ BB "a,,-,_ar 'Jowwit_ su: ic_

s,,=,ooo,,,1,,oo,sw __ -_ _
Laminar over 40=/0of SW _

8 to 10"/oIncrease in Cruise L/D

Performance Benefits:

Thermal Benefits:

Systems and Structural Weight Increment,
Fuel Displacement, TSFC, Suction Air
Momentum Drag

_MTOW---6 to-8%, _Block Fuel=-10 to -12%
_F.ngine Airflow,,-8 to -12%-

Reduced Skin Temperatures
- Reduced Fuel Heating rate
- Increased Materials Options

Benefits would be larger for a heavier/longer-range configuration and for HLFC
scheme with wall cooling

" HSR S_DersonicLam,narFiowContro,

Benefits of SLFC

• 8% increase in cruise L/D (9.3=>10)

• 11% reduction in fuel burn (390,0001bs=>347,1001bs)

•7% reduction in MTOW (740,0001bs=>688,2001bs)

• 50-100 degree(F) reduction in local skin temperatures
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251_ (M = 2.4)
23,8.0
22.4.8
211.5
198.3
185.0
171.7 Laminar
158.5
145.2
132.0
118.7
105.4

92.18
78.92
65.66
52.4O

312.1
309.5
30T.0
3O4.4
301.9

299.3
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L-Laminar (M-2.4)

T-Turbulent (M=2.4)

Material

[] TPPolyimide
• BMI

• Epoxy
• Titanium

=,Aluminum

0 200 400 600 800 Temp, F
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SLFC Major Issues

• BL Suction - Where? How much?

- Impact on Inviscid Drag

* Weight of Suction System
• Compatible High Lift System
• Leading Edge Protection -Insects, Ice
• Complexity & Cost of Systems and Structure
• Durability & Maintainability

HSR Sopor,o=L,_,,F,owCo°,,o,
CY

I 8_'188189! 9oi 9_ 9al 93194195! 96! 97! 98i
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SYSTEM 11
STUDIES

I FLIGHT TESTFEASlBIUTY
STUDIES

PCD-1

Ft6XL
FLT TEST

4/96 COMPLETE

1
• CaUll_mte exlstln¢J amllylJs/des_n codes |

• Iml:mVe CredlcUorVdesk_n memod= I
• 3D wing desert & suc_oNcoo_n(J rtqmts. J
• Update IntecJmUon study
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Program'Mllestones;

4.3.4.1 F-16XL-2 Flight
F.xpedment

4.3.4.2 SLFC Tools

Development &
Calibration

4.3.4.3 SLFC

Aerodynamic Design

4.3.4.99 Task Planning
and Coordination

4.3 AERODYNAMIC PERFORMANCE

4.3.4 Supersonic Laminar Flow Control
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HSR Supersonic Lminar Flow Controt.

4.3.4.1 F-16XL-2 Flight Test
(Hardware Demonstration)
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AERODYNAMIC AND SUCTION REQUIREMENTS

.._k__ Attachment Line Suction

Re = 140 (Cq max)

Re = 200 (Cq rrdn)

Suction Downst=eamof Attachment Une

Cq max: N < 6 (Envelope)
N_<4, f=0

Attachment LineJ _ Cqmin: N>_10(;L =constanL f=0)
N > 12 (¥= Constant,f;=0)
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4.3.4.2 SLFC Tool Development
a. Tool calibration

b. Quiet tunnel database

HSR Sup.rsoni LminarF,owControl
Tool Calibration from F-16XL database

Flight Data: Cp, Tw, Suction flute meas.

F'Y2SA

Produces smeolh CP, C(.! d=|= on a

line _ur face grid

INTWN(;-SE (surface Et, ler}

Edge velocillas for IIL3D hy solving the
snrf. Euler equatio.s based oz, the input
CP and atlachmezs¢ li.c lucatioq

BOEING I'! )ST-PItOCI_SOR

I similar In FT2SA bul .o
smoolh ia,terpolallo, to ri.e grid

Y
CDISC+EUI.ER

I Inverse ,l_igt, of surface to match
Ihe i.l)ul ('Pal measured IocatiolL_
wilh Euler solutlou at these locations

INTWN(;-INT or ISL3D interface

Produces e¢igc velocities for I_L.31}

by hderpol._lloi, of Euler velocities
and location .f attachment line usin t
Euler velocities

Correlation with measurement of transition location
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HSR Su,:_ersonicLinarFlowControl

Sketch of Attachment-Line Region

D=I.A, =Ot.L
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N-factor Correlation

Parallel Method 2D-Eiqenvalue Approach
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Constant N-valued Curves for
Transition Correlation
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HSR SuDerson,cLminarFlowControl

Significance of Quiet Tunnels
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HSR Superson,cLam,_arF,o,,,,Contro,

4.3.4.3 SLFC Aerodynamic Design

- Design wing contour
- Suction & cooling requirements
- Step/gap/waviness requirements
- Compute skin friction reductions
- Calculate BLC suction requirements

HSR Sup.=o_,cL=,oa.F,owCo_.o,

Summary

SLFC Impact on HSCT:
Aerodynamic & Economic Benefits
- Drag reduction, Increased L/D,
- Reduced MTOW, Lower skin temps, etc.

PCD 2:

4.3.4.1 F-16XL-2 SLFC Flight Experiment
4.3.4.2 SLFC Design Tool Methodology
4.3.4.3 SLFC Aerodynamic Design
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